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GENERAL OBJECTIVES OF THE PROJECT ON LINGUISTIC ANALYSIS

The central objective of this group is to uncover and formalize
some of the underlying properties of natural language. While ovr
attentiornr is primarily focused on Mandarin Chinese and American
English, the resulits we achieve from studying these two languages
will be of value toward the construction of a general theory of
language. These results will mostly tak: the form of assertions
1egarding the structure of the object language under study (rules in
the grammar) ané statements regarding the structure of the metalanguage
used to make these assertions (rules in the theory of language).
Clearly these two types of results are mutually dependent. An example
of a set of grammar rules is the paper on Mandarin syntax. An
example of a set of metalinguistic stsztements is Fillmore's paper
on "traffic rules" in a grammar. Both of these papers are in POLA
No. 3.

A complete grammar of a language will contain a set of rules
which will generate all and only the sentences of the language with
their corresponding structural descriptions. This is an ideal toward
which we strive in our analysis of Mandarin and English., In the
process of grammar construction, we aim to formulate rules that are
precise enough to be programable onto a computer. Such precision is
necessary for making explicit the metalinguistic assumptions which
underlie the grammar and for the latter to be evaluable for overall
economy and consistency. When properly formulated, these rules
should correctly describe ouch noticons as gramratical emeiguity and
relationship among sentence...

For the construction of a comprehensive theory of language that
can explicate the ability to use language, i.e., to analyze, produce,
understand and paraphrase sentences, extensive knowledy: in the
area of semantic analysis is needed to support the gremmatical know-
ledge. In order to effectively understand our ability to translate
between languages, further transfer rules would need to be developed
in terms of which relations can be established dmong ihe geammatic<
semantic structures of different 1angzuages. We feel that any successful
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simulation of linguistic’ processes, such as scntehce recognition
and translation, will ultimately need to be based on such a
comprehensive theory of language.

The kind of research thtt we have been pursuing will provide
a grammaical basis toward the construction of such a theory. Al~-
though we have not yet actively extended our work into semantic
analysis and transfer rules, our present research will lead into it
in a natural way at the appropriate stsge in its development. At
“hat time, the close associotion that has been maintained beiween tle
development of the two grammars will prove to be especially valuable
in discovering the transfer rules,

A part of our overall effort has been directed to the improve-
ment of communication and cooperation between ourselves and other
groups working on related problems. There exists a healthy situation
in the casc of people working on English grammar and linguistic
theory from a rigorous point of view, and interchange of information
is free and effective,

The picture is very different with work in Chinese grammar. While
there is massive and vigorous activity on Chinese grammer and linguist-
ic theory in the Communist countries, especially in China, a dis-
proportionately small amount of this work is available in this country.
In addition to the political barriers which cause deirays and mis-
carriages in the mail, among other inconveniences, there is an
equally serious obstacle even with the available materials, This
is the problem of understanding each other's work through the maze
of different linguistic frameworks and terminclogies. Here the
mutual intelligibility of the various dialects cf Linguistics is
very low. Nevertheless, we feel that we can learn much from the
activities abroad which, at lcast in the area of Chinese grammar,
exist on a much grander scale than in this country.

To create better channels of technical communication, we have
compiled a bibliography with glossary, POLA No. S. Some =f the
translations we have made from Chinese and Japanese into Englich
appear in POLA No. 4. POLA No. 6 contains tables and algorithns

for converting among the various systems of Mandarin tianscription.
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We are also ilssuing a book in Chinese, entitled Bidnhudnld YUfd

Lilin, which contains the theoretical framework of our research.
This book is in large part based on Chomsky's well-known Syntactic
Structurces.

On the next page is a list of technical reports which have been
or will be sent out shortly, The purpose of distributing these
reports is twofold. One is that it gi.2s us a guick method of
making known our results to 2 restricted audience without the nec-
essary delay which goes with journal publication. These reports
also permit the distribution of materials which are not suitable for
inclusion in a journal article, such as large amcunts of data. The
other purpose is that we will be enabled to receive comments and
criticisms on our work, and perhaps incorporate these therein, be-
fore submitting some of the results for publication in open litera-
ture.

W. S-Y, Wang
March 22, 1963
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MAND..RIli PHONOLOGY*

W. §-Y, Wang

This paper is a discussion of .sesenrch now being pursued on Mandarin phono-
logy at the Ohio State University. The discussion will be in three parts.

First, somc commernts will b. given on the theorctical framework which underlies
our ¢fforts, Seccondly, I will report on the methods we have uscd in taking
accoustical measurements on the syllable-finals and our accomplishments so far.
Thirdly, the results will be prescnied of a psycholinguistic experiment that

was recently performed to determine the phonemic distinctncss of certzin tonal
phenomera. It will become evident that these three parts of the present dis-
cussion arc all oricnted toward one central goal--the constructicn of thu simplest
phonology for Mandarin.

As is well-knowm,the concept of simplicity houses many variables which are
ill-defined and subjective., Clearly, we do not want our phonology to be simple
ot the expense of making the rest of the grammar complicated. For our prescnt
purposes, lazt us assune, falsely to be sure, that the syntax will not be affected
by the decisions made in the phonology. The simplest phonology then will be
the simplest conjunction of (1) thc base forms of 21l the morphimes in some
economical reprcsentation, and (2) the phonological rules which can coavert all
grammatical concatcnations of these morphemes in their base fo-m into the correct
physical signals of specech.

Although the state of knowledge in phonological studicvs docs not permit
the making of 2 definite claim, it scoms that such a phonology is really a partial
explencztory model for our ability to speak., Here I am limiting this ability
to "hov to pronounce a given cxpresiion in thi. language.? That is *s say, the
phonology should be able to convert .} which is in a morphophonemic representa-

tion into (2) which is in a narrow phonetic represcntation.

Syllable: 1 2 3 4 5 6 2 8 9
(1) Zhéi-ge “lin"-zi, shi Ldo Ii xié do.

(2)#d§61galindzgl&?lKQIZda#

*4 version of this paper was read bofore a sectic meoting of the H~dern
Languages Association, December 1962, Washington, D. C,




Seme of Lhe matters thuat the phonclogy wonld nced to hake care of in thiz
exomple ars the following: The last sound an syllabhle 1 1s a glade toward taz
nigh-front position whose amplituzs as lower than that for vowels. Although
the consenawnt in syllable 2 js usuaily unvoicesd, in the present context, that ic,
intervecalic znd unstressed, it b.comes voiced. In syllable 3, the vewsl is lax,
i.e., "I", whercas it would be tensc if it were not followed by a nasal, <f. the
on. in syilable 7. PFurtnoemmore, we krow ithat s.uace the nosal is acute rather
the. grrve it has ~bout the sume &ur- tion ag the proceding noncompact vowel,
HWher the nasal is grave, say a5 in "lirg¥, it is usuelly two cr three times
tonger then tie preceding vowel. The high vowels in syllables 4 and 5 may be
weleted,  The tone % in Lao changes into a tone 2 becausc it is followed by
mother tone 3 in the szmc syntactic construction. As we shall see later, this
derived tone 2 is not dictinguishable from the regular tone 2 under normal cir-
cumstances., Syllable 7 may also changz in*o tone 2 in more casunal forme of
spzoch.

Tae extort to vhich we could rarrow down on the notation in (2) depends of
course on the amount of physical iaformation we hav. available. The more
narrov, or the mor. presise, our phonctic notation, th: closcr we come in linking
these marks on papur to the rcal world of speeeh sounds. And until we are abdble
to verform this last step, soy with a speech synthesizor, the phonology will not
have been valadated in the otrictest ssnse, This is the motivation for eniarging
cur fund of knowlcdg: ucout the basic physical prop.rtic. of Bandarin speccn.

(m th¢ other hand, the specification of the base form of the morphemes ought
to pe as simple as possible. It is well-known thet man is quite Zimited in his
ability to proc:cs information. ‘fhis limitation is in terms of both discrimina-
tion azong and rumembrance of signals. Yot the amount of physical information
contained in the specch wave thnt he produces is extrumely hagh. If we guantize
the wave into 128 lzvels and somple it 8000 times per second, which is equivalent
to the capacity of A channel of bndwidth 5 ke ond a signhal-to-noig? ratio ¢f
3 do, then the information lows at $6800 bLits yar sccond.

This 38 clearly much too high for the speaker to be able to del.dejyctely
sznd, or for he hearcr to process affectively. In a sensc, pari of {he task
of th. phonologist iz to ser: all this informatio: Lnto three kinds: ¢3) the
kind that is predictaole from knowivdge about the human speccih machanism, {2) the

kind that 1s prodictable from knowledge abcout the language, and {3) the kind
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vant is not predictable. (1) includes thosc pfobcréios which I have elsewhero

called intrinsic, and form a subset of thé phohologicél universals of language.

(2) includes those propertics, callcld cxtrinsic, which the particular language

assigns to the .peech wavz, To a large cxtent, what we learn is (2) when we

lcarn the "pronunciation" of a particular language.

In order to reduce the amount of information contained in the base forms,
and thercby make the phonology & morce plausible nolel in view of the human
limitations in hoandling information, we must make surc that only information of
the third kind is specified. Since (1) and (2) arc not based on any decisions
made by the spcaker (nor do they necessitate prolonged attention by the hearer),
they may be inlroduced by the phonological rules. Thus, according to this model,
the only phonological information that the speaker and/or the hearcr need to
process is the third type.

Assuming an average transmission of six syllables per sccond with fifteen
bits of information pcr syllable, the information rate is only 90 bits per
sccond. This is not too unreasonable a figure since the language is simultancous-
ly redundant at many lcvels.

This approach also turns out to agree quite well with a rather straight-
forward conception of simplicity, namely, ceteris paribus, the grammar with fewer
rcstrictions (or shorter grammar) is simpler. If many morphemes all obey a
certain restriction, clearly we would obtain a simpler grammar by stating this
restriction just once in a rule rather than by repcating it in thc base form of
¢ach of these morphemes,

One of the beautiful aspects of the phonological systems of natural languages
is the corrclation between distributional classes and phonetic clase~x of sounds.
This mcans that many classcs of sounds, for which we want to writc phonological
rules, will share a sct of phonctic features that iz not shared by other sounds.
Furthermore, it is morc c¢conomical to specify such sounds as a classthan to
specify any individual sound in the cless. This is necessarily so since for the
latter we have to additionally cnumerate those featurus that this sound does
not sharc with thc phonetic class of which it is a member,

These two ohscrvations lead us to conclude that we should usc some collection
of phonetic features as our basic unit both in the coding of the bhas~ forms of
the morphemes and in the statement of the phonological iules. The notion of
"phonetic feature' has existed since antiquity, and there are many collections
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availiitle which are intiaded to be oxhaustive for use on natural languages.
For our res.arch, we have accepted the collection of distinctive featurcs
proposvd by Juksbson and his associalis.

Part of our present res.arch on Mandarin phonology consists of scarching
for the most economical coding of the bast forms of thu morphemes and the asso-
ciated rulis., Our cxperience so far is that for un average syllabie, only some
fifteen distinctive foatures nocd to be specificd in the base form. In an average
fulsiy specified syllable, the numoer f funturcs mentioned is around forty. The
conversion from the minimally required foatures to the full specification of
features in the syllable is the function of phonological rules. These rules
i1l probably inciude the followilig types:

(1) RS rules--those which add the retroflex suffix and c¢ffcct a change

on the final of the syllable;

(2) 8V rules--those which change vowels in certain positions to glides;

(3) RD rules-~thosc which reduplicate syilubles;

(4) SA rules--thosc which assign stress;

(5) TS rules-~those which provide for the corrcct tone sandhi;

(6) TP rules--those which placc the tone on th. preopor portion of the

syllable,

Although this part of ocur r¢scarch is far from buing completed, it is clear
that for the purposes of simplicity, ccriain groups of rules as well as certain
rules vithin groups nced to be orderid in their application. For instance, the
toral veluc of a syllable is marked at the front end of the syllable in the
carly part of the phonology. OSomc of lhe ruasons for doing this are as follows:
We can save a fezature in specifying the high rising ton: for syllabl.s beginning
with m, n, 1, and r since thusc syll-bles do not occur with the high level tone;
all we nved to do is specify the highness of the tonc and put in the '"nonlevel-
ness” by rule, More importantly, placing the tonc mark at the beginning of
the syllable greatly facilitatcs the ruse for reduplication. Consecuently, the
rules for tone placement must apply after the two zbove considerations have
been token care of.

Since this kind of phonology is stated precisely, its rules are easily
amenable to being mechanized. VWe hope to program lliese rules, after they are

romplated; onte a computer for overall validation.
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Aftur thoe application of som: of the phonological rules, whun the syllables

are 21l sp1led out in fully specificd segmente, the job is abcut half done.
It remains to find out what are the physical propertics, in terms of frequency,
amplitude, and lize,that are represented by thes. features, If we connccted a
synthusizer wath the computer program menlioned above, then the phonology would
be complet. with hardware, The inpul would be the incompletely specificd base
form repr.suntations of the morpuciis and Lhe oniput would be Mandarin speech.

. cocomplish the latier hasf of this job would of coursce requirc a great
dual of physical inform.tion sbout Mandarin speech. Since the birth of acoustic
phonetics in th. middlc 1940's, much knowledge has been gathered about the
vhysical nature of English, Kussian, French, Japancse and Swedish. Unfortunately,
such informztion is suvercly lacking for Mandarin, In starting out to gather
such infermation, we have begun with tu. citation syllable in 2 fixed frame.
There are 1192 such syllables. The frame sentence we have choscn is the follow-
ing:

(3) Zhdi-ge X-zi shi Lo LY xiddc,
where X occupics the position of the citation syllable., Six informants of the
Peking dialcct (3 men and 3 women) read these onto tape under controlled acoustic-
1 conditions., This represcnts 2 total of some 15 hours of tape recording.

The frame was uscd for the obvious reason of maintaining constant the
gross properties of sncech, such as pitch, loudness and rhythm.

To date,the recordings of onc of the informants have been completely
measured with ruspoect to the following paramcters for the citation syllable:
the frequencies of the first three formints and the durations of the syllable,
the syllable final, and thce sentence. The formant frequencies were estimuied
from broad-tand sonograms -ind narrow-b' 2d amplitude sccticns, Ve have tricd to
tuke at leust one set of formant measurements for cvach vowel in the syllable.
Thus for on. informant, we have taken some 10,000 mcnasuremcnts for th. parameters
mentioncd.  Some of thesc mcusurcements are presented in Appendix I of '"Vowel
Fornant Values" on p.12 of this ruport.

It is of coursc quite difficult to master the significance of .11 these
numbers until after we have propuerly coded them ror casy manipvlstion. We might
meation one obscrvation that is quito striking th=t pertains to the durational
ratic of the vowcl and the nasal in the syllable final. Vhen the vow.l is

followed by an alveolar nasal, it is abtout as long as the nasal. However, if the
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foliowing nasal is ves.ar, then the vowel may be only one-fourth as long. This
property is definitrly part of the .xtrinsic systum of Mandarin phonology. In
Ameracan English, for oxamplc, the opposite is reported to be true, although

the ratio does not differ nearly as muck, This observation ties in very well
with thc phonological rules of retroflexion: while the alveolar nasal completely
disappears when followed by the retroflex suffix, the velar onc does so only
after nazalizing the preceding -owcl.

Any research on lMandarin phonology has to take into account the complexities
of Sie voice pitch. W. ar. at present investigating the feasibility of various
schemes of pitch extraction in order to avoid the great dumands on time were
we to do it with th. Sonograph. It is clear however that on a gross level,
we necd to ascortain those piich or tonal phenomena in the language which can be
consistcntly distinguishud, In this conncction, we have conducted a small scale
psychiolinguistic experiment to investigate the question of whether tone 2 ana
ton. 3 arc consistently distinguishable from cach other when they occur before
arother tonc 3. A detailcd description of this expcriment can be found clsewhere
in this rcport. (See "Tonc Perception Experiment", pp. 19-26)

We can now say with a good denl of confidencc that we cannot consistently
distinguish tone 2 from tone 3 in this environment. WNo one has scored better
than 62% corrcct, and this includes the irformants themsclves., Furthermorc,
there is littlc correlation between these scores with cither the initial or
the final of the test syllable. This last finding is somewhat disenchanting
since we had cxpected a good corrclation with the finals, c¢specially with the
mid voweld. A good positive correlation was found, however, betwecen identifi-

ability ond meaningfullness.,




VCWEL FORMANT VALUES
R, L, Brectzman
Objective:

The objective of this research is to determine the steady state values
of the first three formants of Mandarin Chinese vowels, Inasmuch as spectro-
graphic analysis was used to gather these data, other information is readily
available should it become desirable to inves.igate additional properties of

the zcoustic signals involved,

Tntraduction:

*nroughout this report, the synbols used will be those assigned by Law-
ton M. ilartman, III1 unless specified otherwise. In appendices 1 and 2 the
first symbol group of each set of data is in the Hartman notation with the
target vowel underlined. Beneath this, in parentheses, is listed the IPA

symbol for the target vowel felt to be most appropriate by W. S-Y, Wang and
the author.

Procedure:

The 1192 citation syllables of Mandarin Chinese were assembled and
arranged in a matrix of initial phoneme rows and vowel columns, A listing
of these 1192 syllables is givenon pp. 27-33. The structure of the cifa- .~ .
tion syllable is illustrated in Fig. #1.

INITIAL FINAL TONE

~. :7(1()!)“-1 B one
i/w/u i/ w
C\J 0) V)

TFigure #1
No syllables were included with the -er suffix, which is very common in Man-

darin, thereby eliminating all nasalized vowels of the language. These syl-
lables were read from characters one time each by six speakers .: Mandarin
Chinese., The linguistic background of each of the six info.mants is as
follows:

y&he Segmental Phonemes of the Peiping Dialect', published in Readings in
Linguistics, 1958, Martin Joos, ed,

-
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ivfor- Sex Age Chainese Place Elem. High College Dialect Proficien-
mani Dialect of School School spoken ¢y in
Birth at home English
#1 M 3L Mandarin Peking reking Peking Peking/USA Mandarin Fluent
#e F 34  Mandarin Peking Peking Peking Peking/USA Mandarin Fluent
#3 M 29 Mandarin Peking Peking Taiwan Taiwan Mandarin Fluent
#4 F 50 Mandarin Peking Peking Peking Nanking Mandarin Good
#5 F 45 Mandarin Peking Tientsin Peking Peking Mandarin Good
#6 M 32 Mandarin Peking Shanghai/ Shanghai/ Nanking/ Mandarin Poor
Peking Caungking Taichung

Eacli sylilable was read in the cont.xt of the carrier sentence "Zhéige

zi shi 180 LI xi€ de" (Pinyin system), which means, "This word ____ was
written by Mr. Li." The recordings were made in a sound-proof recording
~voth, and, in all cases except for informant #5 were made in a single sessics
for each individual, the session lasting approximately 1 1/2 hours with a 10-
15 minute rest midway during the session. "Scotch 175" tape was used in all
recordings and was recorded full track, at 7 1/2 i.p.s. on an Ampex 351 re-
corder using an RCA 77-DX ribbon microphone with all intormants except infor-
mant #3 who used an E.V. 566 dynamic microphcne.,

In the analysis process the tape was played on an Ampex 601 recorder, the
clectrical signal was passed through ar impedance matching box and into the
recorder circuit of a slightly modified "Sona-Gragph'. Broad band spectro-
grams were then made of each sentence on the tape, and, for informant #l,
narrow band sections were made at target positions of the vowels, i.e, one
section if a monothong, two sections if a diphthong, etc, Information record
ed from the spectrograms was as follows: (a) Sentence Duration (b) Vowel
Segment Duration (c) Duration of Nasal Consonant Following Vowel (d) Fre-

guency values of Fl’ FZ’ and F, for each vowel discernible in ths target wora.

In the initial stages of 2he analysis of informant #l's speech, wide
band sections were made of the vowels, This procedure was discontinued since
the wide band sections did not contribute to the location of formants.

Midway through the processing ox the speech from male informant #l, it
was observed that the sectioner of the "Sona-Graph" was not giving a displuy
for the temporal poant desired but was sectioning early by appr--ximately 10
milliscconds., At the same time it was noted that the lefi wargin of the sec-
tion display was uneven. These two difficultic- were eliminate?d by strength-
ening the return spring on the mcchanical micro-switch which operates the

sectioning gate.
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In the analysis of female informant #2's speecch, only broad band spec-
trogoems are being used, a decision having been made to no longer take narrow
band sections of the vowels. This decision was bascd on a test comparison
between formants determined from broad band only, and formants determined
by broad band spectrograms plus narrow band sections. The improvement in
accuracy from using narrow band sections in addition to the broad band spec-
trograms was negligible and within the accuracy limits or the "Sona-Graph'
device, The narrow band scctions were therefore discontinued to reduce the
large amount of time that it takes to process speech by spectrographic analy-
sis. In analysing the high pitched speech of informant #2 it was found that
the higher formants were so attenuated that they were no longer evidenced on
the spectrograms. A4s is well known, this provlem is quite common with a fe-
nale voice., It was therefore necessary to build and install a pre-filter
which high shaped the electrical signal prior to entering the "Sona-Graph"
recorder circuit., It was then possible to obtain clear representations of
higher formants without having the low frequency area excessively burned and
obscured.,

An attempt was also made to obtain reasonably accurate formant values
from narrow band spectrograms of female informant #2's speech by modifying
the narrow band sampling circuit of the '"Sona-Graph" to increase the auto-
matic gain control effect on the output., After a series cf adjustments this

project was abandoned as impractical.

Results:

As might be noted on Graphs 1 and 2, the mid vowels of Informant #1
tend toward being central rather *han markedly front o~ back. 4iso, the
phone represented as an unrounded ~entral, mid, close, retroflexed vowel
might be better represented as an unrounded, back, high, close, retroflexed
vowel on the basis of the speech of informant #1.

It might be mentioned that there are considerable differzu-es between
the notation used by Hartman and *he IPA notation listed below these symbols
in the appendices  There are ins.ances 5f calling "“different' Hartman sym-
bols the "same" sound, and conversely, calliag 'same" Hartman symbols "dif-
ferent" sounds. Although the IPA judgements were not made on tn. vasis of
the speech of informant #)., but rather on the speech of other native speakers
of Mandarin, the physical measurements of informant #l's speech wewld scem

to support these changes.




-10-

In addition to the vowel formant values extracted from the speech of
informaat #1, a preliminary analysis was made on the relation between vowel
segment duration and tihe duration of the following nasal consonant (/n/ or
/y/). The results of this preliminary analysis are presented in Appendix
#3 but, like all results presented in this paper, must be understood to be
highly tenative due to the limited number of samples which were available
for analysis and the fact that all data came from a Single specker,

As can be observed in aprendix #3 there is no marked effect upon the
ratio of nasal ending duration/priceding vowel duration as a function of
tone., It therefore appears that although vowel duration is a function of
tone, the nasal endings are similarly affected by tone so that the ratio is
preserved. One apparent consistency is that the ratio for the velar nasal
is always larger than the corresponding ratio for the alveolar nasal, the
difference often being approximately a factor of 2. It also appears that
the ratio decreases as the amount of physical movement necessary for vowel
production increases, as might be expected.

Another preliminary analysis was made to determine the effect on "final"
duration due to tone, initial, terminal phoneme, and the number of vewels in
the syllable aucleus, Duration of the final (vowel plus terminal nasal, if
any) was normalized with respect to sentence duration for all syllables for
which all four tones were present and these ratios were investigated., There
were a total of 540 syllables (135 for each of the four tones). To investi-
gate the effect of the initial phoneme, these 540 syllables were divided in-
to five groups: those beginning with plosives, sonorants, fricatives, affri-
cates, and vowels, and the average ratio for each group was recorded. To
investigate the effect of the tes:.inal phoneme, the samples were divided
into three groups: those ending 1~ = vowel, /n/, or /;/, and the average
ratio for each group was recorded. To investigate the effect of the number
of vowels in the syllable nucleus, the samples were divided into three group
monothongs, dipthongs, and triphthongs. The only further divi-ion made was
on the basis of tone,

The results cf this analysis were rather inconclusive buc the following
generalities appear to be worthy of men‘ion:

(1) The normalized durations of finals for lonesg 1, 3, ozu r averaged

approximately the same.
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{c¢) The normalized durations of finals for tonc 2 averaged approximate-
ly 10% longer than for the other three tones,

(3) An initial plosive serves to reduce the final duraticn.

(&) Having no initial serves to increase final duration.

(5) Ir order of increasing duration of final:
(a) Monothongs (b) Triphthongs (c) Diphthongs

In (5) it maght appear that (b) and (c) have a rather unusual order

but this can be explained by tie fact that triphthongs can never take a

nasal c¢nding whereas diphthongs frequently do.

Note:

All data from this experiment as well as notes and figures on the pre-
liminary analyses are kept on file at this office for future comparisons
with larger samples of data.

The figure of 1192 words differs from the figure given in previous publi-
cations (1178) due to the fact that fourteen words were added after the basic

table wxs compiled.
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Appendix #3
Report 2n ratio of nasalized ending duration/preceding vowel duration

The data for the results listed below were obtaincd from the spectro-
grams cf the speech of informant #l, The word '"ratio" will refer to the
ratic of nasalized ending duration/preceding vowel duration. All grouping
of vowels by vowel position is based on Hariman's notation. Also in this
appendix, the werd "monothong" will .2fer to a single vowel such as /i/ or
/a/ .lereas the word "diphthong" will refer to a combination of vowel plus

semi-vowel such as /ja/ or /aj/.

I. HNasal Tone # of Samples Average Ratio

n 1 28 .8666

n 2 28 .806.1 (Data taken only from

n 3 28 . 7979 syllables in which all
n L 28 .8109 four tcnes were present
3 1l 21 1.4082

1 2 21 1.4309

v 3 21 1.4820

5 4 21 1.2551

. Overall rati my :
II. Overall tios compared

Nasal # of Samples Average Ratioc
n 270 .8845
7 230 1.7266

I1I, Average ratios as a function of vowel position for mcnothoags:

Yowel position Nasal # of Samples Ratio
Bigh n 55 1.2228
High ) 57 2.1655
Mid n 3] 1.1793
Mid ] 56 2,6528
Low n 65 . 7184
Low ] 5 L0326
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IV: areorage ratios as a function of vowel position for dipthongs:

Vowel position Nasal # of Samples Ratio All Diphthongs

“ .
High to Low a 70 .6070 Nasal -z of et
n 40 .8394 amples
High to Mid n 38 .7083 n 108 6426
] 15 .8946 ] sk +9920
Front to Front n 24 « 5677
? 6 .8277
Back to Back n 50 . 6005
N] 22 .8618
Back to Front n 14 . 9493
7 2 1.0955
Front to Back n 20 «6232
] 25 1.1377
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TONE FZRCEFTIWI EXPERIMENT
K, P, Li

Introduction:

In Mandarin Chinese, whenever a tone 3 is followed by another tone 3, it
becomes a modified *'ne 3 whuse quality has long been a subject of cebate, To
most grople, this modified tone 3 ie not cle:rly distinguishable from tone 2.
However, somc linguists have sugested that ite pitch may be on a lower level
th-xn wiat of tone 2% This experimc..t has been designed to determine whether,
1r ‘"act, native speakars ar. able to distinguish between this modified tone 3

and ton2 2 in a controlled environment..

Procedures:

A set of disyllatic pairs, with varying degrees of meaningfulness, were
chosen. The forms in each puir were phonemically identical, differing only
in the tone of the first syllable: tone 2 in the first of each pair, tone 3

in the second; the sccond syllable was nlways tone 3, e.g., méi-ma (f@;é;bury

V. v SR v Y o.1 v v o= L.
a horse) mii-md (‘jéf\lf,, buy a horse); yd-fd (% 37 law of fishing) yu-fi (3% 24

syntéx). 130 such pairs werc collected (sce list in Table IV),

Two Mandarin spcakers (No. 2 and No. 3 in table on p.r8) were
chosen to make recordings2 of 2 list in which cach disyllable of each pair ap-
pearad twice in random order, yielding 520 items read, Corresponding to cach
item was a pause of about 3 scconds during whach the listener was to meke his
decision and circle the appropriate disyllable. Both the reading list and an-
swer sheet were written in “hinese charactcrs.3

Before administering the actual test, a sample test of 10 similar

Ysee Hockett,C. F., "Peipiag Morphophonemics," Language 26 (1950), pp. 63-85,
and Martin, S. E., "Problems of Hierrchy =nd Indotermina y in Mandarin Phonol-
ogy", Bulletin of the Institute of Histcry and Philology, Academi~ Sinica,

. 29, Part 1, pp. 209-230.

2 . e .
The acoustic conditions for rccording w r-. the same as those shown on p. 8.

3An answer shecet ia the Pin-Yia Romanizuiios system hus been prepared, but
we have not as yot had any subject use it.

-39~

s s A




=20~
Table I {
Listener No. of Correcct No. of Correct Total No. of Percentage of s
Responsces Responses Correct Correct

for Tonc 2 for Tone 3 Responses Responses ‘

1. 117 14k 261 50.2 {
2. 128 135 (4)* 263 (1)* 50,7
3. 149 110 259, - 49,8
4, 137 138 275 52.9
S. 161 112 273 52.5
6. 184 (4) 93 (6) 277 (10) 54,3
7e 132 135 267 51.3
8. 107 (50 108 (57) 215 (107) 52.0

9. 172 113 285 54,8 ‘
10. 126 130 256 49,2
11, 171 105 275 5249

12, 135 134 269 51.7 ‘
13, i3] 126 267 51.3
14, 144 138 282 S5h,2
" Total 2004 (54) 1721 (6-.) 3725 (118) 32.0

Speaker 209 87 (&) 296 (4) 56.9% ’

No, 2
Speaker 131 209 340 L703%
No. 3

*The number in parenthesis represents the number of undecided.
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Table II
Tone 2 Tonc 3

Final of No. of No. of No, of Un- No. of No. of Un~- Total Percen-
First Pairs Correct  decided Correct decided tage of Cor-
Syllable Responses Responses rect Responses
-iu, -ou 6 122 2 61 2 5543
-iou 7 126 4 100 3 61.2
-uo, =0 9 164 3 93 4 51,6
-ai 5 7?6 4 53 2 k7,1
-ao, ~iao 8 103 6 128 3 52.5
-i 17 210 6 280 11 52.4
~-u 14 227 4 165 9 50,9
~ei 3 34 1 52 1 1.7
-U 4 46 0 72 4 53.7
-a, -ia 8 98 b 118 3 48,9
-le, -ie 3 2k 0 62 1 51.5
-er 1 7 1 19 ) 67.7
-2 1 23 1 6 0 52,8
~ian, ilan 10 LT 3 140 5 51,k
-an, -wan 10 162 > 119 7 49,5
-iang,~-ang 11 189 5 119 6 50.9
~-vang
-ing, iing 5 89 2 53 2 51.5
-en, ~eng 3 56 2 31 0 52.4
-in 2 25 1 29 0 48,6
~un, -ung 3 69 1 21 1 54,2
-un

120 2004 sk 1721 64 52.0

A\
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‘isyllables, with cither differcnt tones or differcent consonants (also listed
in Table IV) werc arrongcd for testi~yg the recording conditions and the dialect

background of the listencrs.

Participants:

14 Chinese Mandarin instructors (12 men and 2 women) of the Institute of
Far Eastern Languages at Yale University were chosen as listeners.“ The two
speak- rs nlso took the test, eaca listening to his own tepe,

Results:

Only three of the 14 listeners had one error each in the sample test (an
error percentage of 2,1%); the others had none.

From the test itself, the total percentage of correct responses for dis-
tinguishing modified tone 3 and tone 2 was only 52,0%. The number of correct
responscs and the percentages for individual listeners and for the diffecrent
firals of the farst syllablc are shown in Tables I and II respectively. The
results of the speakers themselves are better (56.9% for No. 2 spezker and
67.3% for No. 3 speaker). Howcver, even these percentages are low from a sta-
tistical point of view,

All disyllable pairs were then classified into thrce groups (shown in
Table IV ). Group A contained 45 pairs. In each pair, the members were judged
to have an equal degree of meaningfulness and of fruquency of uccurrence, €.gey
fén-ching ( i?ﬁ ;%% grave yard) and fén-ching (j%E: éétflour factory); nfu-ying
( ﬁiei)cow's shadé@) and niu-ying (jgl%zi twist shadow). Group B consisted of
Lo pairs in which the disyllable with tone 2 had a higher degree of frequency
of occurrence than that with tone 3, e.g., cho-fli (2#/;i) hell) and cio-fu
( ;:;/',,‘Z; grass rotten); zhi-jido ( ; [ﬁ'} right angle) and zhi-jido (?_-,7\.-)':'?) paper

corner), Group C centaincd 45 pairs .n which the disyllable with tonz 3 was"of
more common occurrence, c.g., bi-méi (;% 3\ nose beauty) and bi-méi (tC ;%
beauty competition); ybu~hio (jghwlyoil good) and ydu-hdo (é{jﬁéfriendship),
The percentages of correct responses for each group is shown in the .ollowing

table:

4We wish to express our appreciation to the Institute ot Far East:rn iangua~
ges of Yale University for their help,
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Table IIT
correct vesponse correct respoase total correct
a8 tone 2 e as tone 5 road response
1.8 in % in %

Group A 57.9 46.6 52,3
Group B 82,0 25.7 53.8
Group € 30.7 69.5 50,1
Total 55.9 48,1 52,0

Conclusion:

From the results of the experiement, it is evident that Mandarin sreskers
are not able to distinguish a modified tone 3 from a tonc 2, even in the case
of spcakers listening to their own recordings.

Furthcrmore, from the results of the grouping in the above table, it can
be scen that the decision of the listeners is affected by the mconingfulness of
the disyllable., They have a tendoncy to choosc the one which has more meaning
or more freguent usage, in spite of the fact that they are instructed in the
beginning of the test to disregard mcaning and to base their decision solely on

pronunciation.

Suggestion:

We are planning to use the pitch extractor of a vocoder to measure the
pitch of these disyllables., At present we are improving the performance of the
pitch extractor to satisfy the specification for Mandarin which has a fast rate
of change of pitch level 2and intensity, As soon as it becomes feasible, we may
have the result from the mechanical measurement to subjcin the argument of the
difference of modified tone 3 ~nd tong 2.5

=

Zcf. a related experiment done by Yao Shon, Jessica C.Y, Chao, and Giles Peterson
of the University of Michigan in "Some Spectregraphic Light on Mandarin Tone-2
and Tone-3", Study of Sounds, IX, Phonetic Society of Japan, 1961.




ba-shdu
bai-shdu
bai-shdu
bao-shdu
bi-mdi
cai-cdo
cai-nil
cao-fil
chan-cdio
chang-jil
chang-yudn
chou-zhd
chun~yon
da-gul
da-zui

di~hui

I.

II.

5.

)

.
AE]

.17

Table IV

10 Sample Disyllabic Pairs
fei-hui A oAe  mui-rei
judn-sal %;bﬂt quan-shi
té-sha ‘,}‘9 7‘;; db-sha
zhi-zun £ :‘§. zi-zun
tdn-qing f,ﬁ- }_.k tén-qin
zhdu-shang B chdu~-shang
shi-ydng ff A shi-yong
x%-shi 1%/9:. xi-ghi
ban-yan FhS%  bin-yin
shi-nidng ?.SIFL shi-nidng

130 Tested Disyllabic Pairs
ie. ¥ c du-shdu ¥ ¥
K3 ’é’ B du~ydu & -ﬁ
4;‘2‘:}- A duo-zdu ?‘ 7.
E A S er-yd R 3
rk 2 C fa-kudn i B
/}1"‘_ g 4 fau-gul “ % %
VIR S fang-shdu P¥ ¥
:‘f.jé.f, 3 fen-chéng ,t";'i;?
BE o gu-jhu % i
sy B guo-chdn %) e
’;[, é_ B guo-chi @('j B
B % 4 nan-ki £ %
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A hao-~md ’iﬁ L
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haec-yin
hu-~hdu
hu~y&n
huo~kdu
huo-shul
huo-yan
. v
nuo~j; "«
ji-si
jia-2%
rwo-gui
leng-3ido
1i~-fa
1i-3ié
lian-pi
liang-jidc
liao=-j1é
ling-bdo
ling=-3ido
liu-wid
liu-ying
ma-shio
_—
nai-mi
. i
mei~jid
. v
mei-ni
nei-yan
mi-jid
nian-si
v
mo-gui
v
mo-kdu
.
ni-gu
ni-hdc
nian-zhi
nin-yido

niv-ying
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gi-cdo
gqi-gdo
qi~kén
qi=nd

gi-si

qin-s1i
qing-wing
qing-yd
qu-shui

v
ran-qi

v
ren-si.

shou-zhit
tao-hdo
ti-tdn.

tong-ban

tu-gai

wa-1léag
wan-hdo

wan-jing

v
wan-q31

v
wang-si

vu-bi
wu-cdi
wu-kdu
wu-11
.

wu-nii

v
xi-jid

xiang-xié
xie-gdo

xue-chi

ya-pi

yan-k&..

yan-1%

yan-shi
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yan-shui
yan-yi
yang-ht
yang-jido
yang-nt.
yang-shodu
yang-zhl
ye-ha.
yi-hido
yi-1l3do
yain-~yui
yong-bdo
you-bing
you-aui

you-hdo
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you-jing
you-shdu
you-wd
you-ydng
yu-£a
yu-gaag
yu-shui
yuan-zhi
yuan-zi
yun-dud
zhao~hud
zhi-jido
zhu-mi
zhu-sin

zhu-wan
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INVENTORY OF MANDARIN SYLLABLES
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INVENTORY OF MANDARII SYLLABLES ACCORDING TO THE PINYIN ALPHABET

N » -

'%\ % Syllable Inventory hccording tc the PINYIN Alphabet - 1

1 '\ e — - -

11 \\\ ER A E AT EI A0 OU AN EN  ANG ENG  ONG

"A

1L \

: er a e ai al ao ou an en ang eng

!; B ba bai bei bao ban ben bang Dbeng

| P pa pal pel pao pou pan pen pang  peng

! M ma mai mei mao mou man men mang meng

E F fa fei fou fan fen fang feng

i D da de dai dei dao dou dan dang deng dong

; T tn te tai tao tou tan tang teng tong
N na ne nali nei nao nou nan nen nang neng  nong

l L la le lai lei laoc lou lan lang leng long

5 2z zZn 2e zal zel zZao0  zou zan zen zang zeng  zong
c ca ce cal cao cou can cch  cang ceng  cong

i S sa  sc¢ sail Sa0 Sou San  Sen  sang  seng  song

. 4 zha zhe zhai zhei =zhao 2zhou zhan zhen zhang zheng zhong
CH cha che chai chao chou chan chen chang cheng chong
SH sha she shai shei shao shou shan shen shang sheng

. R re ald TOou ran ren rang reng @ rong

: "G gr ge gali gel gao gzou gan  gen gang geng  gong
K ka ke kai kao kou kan ken kang keng kong

i H ha he hai  hei hao hou han hen hang heng hong

L

T
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}'\ 71; : Syllable Inventory .ccording to the PINYIN Alphabet - 2
§ A . e e R . et ee mamn o ere—-
% \L I IA IE 140 10U IN ING IAN IANG IONG
ﬁ "\
yi ya ye ya you yin ying yan yang yong

B bi bie bino bin bing bian

P pi pie piao pin ping pian

M mi mic miao miu min ming mian

F

D di die diao diu ding dian

T ti \ tie tlao ting tian

N ni nie niao niu nin ning nian niang

L i lia 1lie liao 1liu lin ling lian liang

] 2i

c ci

S si

24 zhi

CH chi

SH shi

R ri

G ji jia  jie jiao  jium jin jing jian jiang jiong

K ol qia qic giao qiu qin aing qian qiang qiong

K AL xin  xie xiao xiu <in xing xian xiang xiong




- i
: i
;\135 § i Syllable Inventor: According to the PINYIN Alphabet -~ 3 !
N A
L %lu vo ua wAT UET uAN UN UMG UENG| U U UAN ON
i
L A\ -
|wa wo wa  wai wel wan wen wang wengl yu yue yuan yun
B i,bu bo
P pu  po
M 'mu mo
F ! fu fo
D du duo dui duan  dun
T | tu  tuo tui  tuan tun
N nu  nuo nuan nun il nile
L lu 1luwo luan  lun 1 1life ldan 1lin
2 Zu  2uo zui  zuan zun
¢ cu cuo cui cuan cun
5 su suo sui  suan sun
ZH zhu zhuo zhua zhuai zhui zhuan zhun zhuang
cH chu chuo chua chuai chui chuan chin chuang
SH shu shuo shua shuni shui shuan shun shuang
R ru ruo rui  ruan run
G gu guo gua guai gui guan gun guang Jju jue “nan jun
K {ku kuo kua kuai kui kuan kun kusng qu qu¢ auan qun
H hu huo hua huai hui huan hun huang U nile xuan xun




2Y YALE
a a

“: a1
an an
ang ang
20 au
ba ba
bai bal
ban ban
bang bang
bao bau
bei bei
ben ben
bteng beng
bi bi
bian byan
biao byau
bie bye
bin bin
bing bing
bo bwo
bu bu
ca tsa
cai tsai
can tsan
cang tsang
cao tsau

*See 1. A3 for refercnces for these systems,

WADE~GILES, ZHUYIN 2IMU
AND GWOYEU ROMATZYH (TONAL SPELLING) SYSTEMS®

WG

pieh
pin

ping

ts'an
ts'ung
t®'ao

COMFARATIVE TABLE OF PINYIN, YALE

ROMATZYH

2yzM 1L 2 3 b

Y a ar aa ah

f ai air ae ay

5 an arn aan unn

% ang arng aang anq

4 au aur ao ow
7Y ba bar baa bah
49 bai bair bae bay
ckd ban barn bacn bann
~L bang barng baang bang
L4 bau baur bao baw
A bei beir beei bey
i ben bern been benn
A beng berng beeng beng
9 bi byi bii bih
g bian byan bean biann
“1%  bviau byau beau biaw
“Gr bie bye biee bieh
v Al bin byn biin binn
‘1l bing byng biing bing

~ bo bor boo boh
Y bu bwu buu buh
by tsa tsar tsaa tsah
Ln tsai tsair tsae teay
A tsan tsorn tenan teann
£ 4.  tsang  tsarng tsaang  tsang
4, tsau teour tsa0 tsaw

-37-




chen
cheng
chi
chong
chou
chu
chua
chuai
chuan
chuang
chui
chun
chuo
ci
cong
cou
cu
cuan
cui
cun

cuo

tsen
tseng
cha
chai
chan
chang
chau
che
chen
cheng
chr
chung
chou
chu
chwa
chwail
chwan
chwang
chwel
chwun
chwo
tsz
tsung
tsou
tsu
tswan
tswel
tswun

TSWO

ug

ts'e
tsten
tsteng
ch'a
ch'ai
ch'an
ch'ang
ch'ao
ch'e
ch'len
ch'eng
ch'ih
ch'ung
ch'ou
ch'u
ch'ua
ch'uai
ch'uan
ch'uang
chtui
ch'un
ch'o
tz'u
ts
ts'ou
ts'u
ts'uan
tstui
ts'un

ts'o

~38-
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ROMATZYH
1 2 3 3
tse tser tsee tseh
tsen tsern tseen tsenn
tseng tserng tsceng tseng
cha char chaa chah
chai chair chae chay
chan charn chaan chann
chang charng chaang chang
chau chaur chao chaw
che cher chee cheh
chen chern cheen chenn
cheng cherng cheeng cheng
chy chyr chyy chyh
chong chorng choong chong
chou chour choou chow
chu chwu chuu chuh
chua chwa choa chuah
chuai chwai choai chuay
chuan chwan choan chuann
chuang chwang cloang chuang
chuei chwei choei chuey
chuen chwen choen chuenn
chuo chwo chuoo chuoh
tsy tsyr tsyy tsyh
tsong tsorng tsoong  tsonjy
tsou tsour tsoou tsow
tsu tswu tsuu tsuh
tsuan tswan tsoan tsuann
tsuei tswei tsoei tsuey
tsuen tswen tsoen tsuenn
tsve tswo tsuoo tsuoh
da dur daa deh
dai dair dae day
dan darn daan dann




diao
die
ding
diu
dong
dou
du
duan
dui
dun

duo

ei
en
eng

er

VALY

A

deng
deu
de
dei
deng
ai.
dyan
dyau
dye
ding
dyou
dung
dou
du
dwan
dwei
dwun

dwo

el
en
eng

er

en
eng

erh

fa
fan
fang
fei

fen

feng
fo

fou

ROMATZYH
Yz . 1 2 3 4
Ik dang darng deang danq
A dau daur dao dav
é de der dee deh
A dei deir deei dey
oy deng derng deeng dengq
57) di dyi dii dih
R4 dian dyan dean diann
7;l£ diau dyau deou diow
i die dye dice dieh
VA ding dyng diing dinq
a1 K diou dyou deou diow
AL dong dorng doong donq
r e dou dour doou dow
/BN du dwu duu duh
%4 duan dwan doan duann
TR\ dued dwei doei duey
HX4%  duen dwen doen duenn
7ixT duo dwo duoo duoh
;4 e er ee eh
A ei eir eel ey
9 en ern een ern
L eng erng ceng enq
L ~1 erl ol ell
cY fa far faa fah
cg fan fam faan fann
€t fang arng  faru-  fang
A fei feir feei fey
-7 fen " fern feen fenn
= feng ferng feeng fenq
(sl fo for o fch
Z¥  fou four foou fou

s
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ROMATZYH

PY YALE WG Zyan o 1 2 3 4
fu fu fu X fu fwu fuu fuh
ga g2 ka €Y g2 gar gaa gah
gai gai kai KE gai gair gae gay
gan gan kan Lz gar garn gaan gann
gang gang kang «r gang garng gaang ganq
£30 gau kao K4 gau gaur gao gaw
ge ge ke, ko & ge ger gee geh
gei gei kei €A\ gei geir geci gey
gen gen ken €y gen gern geen genn
geng geng keng A geng gerng geeng genq
gong gung kung XL  €ong gorng goong gonq
gou gou kou UR gou gour goou gow
gu gu ku &X gu gwu guu guh
gua gwa kua wxyY gua gwa goa guah
guai gwail kuai WiF guai gwai goai guay
guan gwan kuan 4xg guan gwan goan guann
guang gwang uang X% guang gwang goang guanq
gui. gwel kues. axXA  guei gwel goei guey
gun gwun kun U %x&§ guen gwen goen guenn
guo gwo kuo «KXZ 8uo awo guoo guoch
ha ha ha Sy  he har haa hah
hai hai hai r 7/: hai hairc hae hay
han han han I z; han harn haan hann
hang hang hang Il haung harng haang hang
hao hau hao I 4, hau haur hao haw
he he he Is I he her hee hch
hei hei hei A hei heir heei hey
hen hen hen I hen hern hoen henn
heng heng heng A heng herng heeng heny
hong hung hung Fx L Thong horng hoong hong

hou hou hou J & hou hour hoou how




hu
nua
huai
huan
huang
T ai
han

nuo

ka
kai
kan
kang
kao
ke
ken
keng
kong

kou

YALE

hwa
hwai
hwan
hwang
hwel
hwun

hwo

kang
kau
ke
ken
keng
kung

kou

k2
k'ai
k'an
k'ang
ktao
k'c,k'o
k'en
kteng
k'ung

k'ou

4l

ROMATZYH
ZYZM 1 2 3 4
I K hu hwu huu huh
Y hua hwa hoa huan
I'X%  huai hwai hoai huay
%%  huan hwan hoan huann
JXf.  humg hwang hoang huanq
oA huedi hwei hoel huey
I x4 huen hwen hoen huenn
X T huo hwo huoo huoh
H | 3 Jyi jit jih
ylYy jia jva jea jiah
4 Ig jian Jyan jean jiann
Wl4 ~ Jiang  jyang  jeang  jiang
I jiau Jjyau jean jiaw
it jie Jye Jiee jieh
Hl4 jin Jjyn jiin jinn
41z Jing Jyng jiing  jing
Yyue Jiong Jjyong jeong jiong
TRR jiou Jyou jeou jiow
o Jiu Jyu jeu Jiuh
“XTD jiuan Jyuan jeuan Jivann
vx¥ jiue Jyue jeue jiueh
Huk jiun Jyun jeun jiunn
1 ka kace kaa kah
7%  kai kair kae kay
5g kan karn kaan kann
5% kang karng  kaang  kang
L4 kau kaur kao kay
L¥s ke ker kee keh
L4 ken kern heen kenn
5. kens, kerng keenr keng
TXL kong horng koong kong
%R kou kour koou kow




PY

ku
kua
kuai

kuan

lian
liang
liao
lie
lin
ling
liu
long
lou
lu
luan
lun
luo
i

ludn

YALS

ku
Lo
kwai
kwan
kwang
kwel
kwun

kwo

la
lai
1un
lang
lau
lc
lei
leng
1i
lya
lyan
lyang
lyau
lyec
lin
ling
lyou
Jung
lou
lu
lwen
1lvun
lvio
1yu
lywzn

klua
k'uai
k'unn
k'uang
k'uel
ktun

ktuo

lufin

~ho~

ROMATZYH
Yz 1 2 3 4
Ty ku kv kuu kuh
ax kua kwa koa kuan
Tx7  kuai kvai koai Luay
5X%  kuan kwan kozn kuann
Bx#  kuang kwong keang kuang
'GX’\ kuei kwei koei kuey
fv4  kuen kwen koen kuenn
ZX d kuo kwo kuoo kuoh
VAl lha la laa lah
HE lhai lai lac lay
VR lhan lan la-n lann
¢k lhang lang lazng lang
T lhau lau 1n0 law
& lhe le lee leh
/728N lhei lei leei lei
% L lheng  leng leeng  leng
% | 1hi 1i 1ii 1ih
A r lhia lia “ea liah
4. z, lhian lian lean liznn
57,*; lhiang liang leang liang
b4 lhiau liau leau liaw
B lhie lie liee lieh
%1y lhin lin 1liin linn
- lhing ling liing ling
vk lhiou liou leou liow
h )74 lhong long loong leong
% Y lhou lou loou low
X lhu lu luu luk
91X 5 lhuan luan Loan luenn
Hx b lhuen aucn loen lucnn
AN lhou Juo Tuc, luoh
%1y iniu liu leu iiuh
lhiuan  liuan leuan liuann

%L ug




ma
mai
RIEER 4
mang
mo
mel
men
meng
mi
mian
mizo
mie
min
ming
miu
mo
mou

mu

nian

mang
mei
men
meng
mi
myan
myau
mye
min
ming
myou
mwo
mou

mu

mai
nan
mang
~0
nei

men

mou

mu

ROMATZYH

Z¥Z4 1 2 3 4
‘v lhue liue leue liuch
%14 lhiun  liun leun liunn

(' mha ma maa mah 1
ny, mhe? mzi mae may {
ng mhan man maan menn 1
it  phang  mang maang  manq ‘
n4 mhau mau mao maw (
M\ ghei mei meei mey

T12  mhen men meen menn

ya mheng men meeng menq

1l mhi mi mii mih

11 Z  whian mian mcan miann

Ti1%  mhiau miau meau miew

ril4  mhie mie miee mich
iy mhin min miin minn
ENVA mhing ming milng ming
R mhiou miou meou miow

i1e  mho mo 0oo moh {
Ny mhou rou moou mow ‘
ny mhu mu muu muh }
A nha na naa nxh
¢ nhai nai nac nay

) ;;: nhan nan naan nann q
k§ nhang nang naang nang

4 nhau nau nao nav

Z#  nhe ne nee neh

7 A nhei nei neel ney

EL) nhen nexa necn nenn

LA nheng neng neeng nengy

3 ] nhi ni =il nih

2% nhian nian nean niann

-




niang
niao
nie
nin
ning
riu
nong
nou
nu
nuan
nun
nuo
nii
niie

ou

YALE

nyang
Jayau
nye
nin
ning
nyou
nung
nou
nu
nwan
nwun
nwo
nyu

nywe

ou

e

niang
niao
aich
nin
ning

niu

nou
nu
nuan
nun
no
ntl
niieh

ou

p'a
plai
p'an
p'ang
p'ao
plei
pten
p'eng
p'i
p'ien
pliao
p'ieh
p'in
p'ing
p'o

p'ou

bl

ROMATZYH
2124 i 2 3 4
36 nhiang niang neang niang
MTA nhiau niau neau niaw
31¥  nhie nie niee nieh
315 nhin nin niin ninn
3| nhing ning niing ning
3)g nhiu niou neou niow
ZXL nhong nong noong nong
74 nhou nou noou now
% nhu nu nuu nuh
3 x‘} nhuan nuan noan nuann
‘3)(17 nhuen nuen noen nuenn
% xZ nhuo nuo nuoo nuoh
3u nhiu niu neu niuh
Jut nhiuve nive neue niueh
4 ou our oou ow
2y pa par paa pah
% pai pair pae pay
L pan parn paan pann
77‘— pang yarng paang panq
4 pau paur pao Pavw
1 pei peir peel oy
b4 o pen pern peen penn
L. peng perng peeng yenq
g1 pi pyi pii pih
15 pian pyan pean piann
414  pisu pyau peau piaw
Q¢ pie pye piet pieh
Qig pin pyn plig pinn
% )é ping pyng piing  ping
2 po nor poo poh
2% pou pour poou pow




=

ran

rao
re
ren
reng
ri
rong
rou
™
ruan
rui
run

ruo

sa

YALR

pu

chi
chya
chyan
chyang
chyau
chye
chin
ching
chyung
chyou
chyu
chywan
chywe
chyun

ran
rang
rau
re
ren

reng

rung
rou
I
rwan
rwel
rwun

Irwo

sa

WG

p'u

ch'i
ch'ia
ch'ien
ch'iang
ch'iao
chtieh
ch'in
ch'ing
ch'iung
ch'iu
ch'it
ch'tian
ch'iieh
ch'iin

jan
jong
Jjao
Je
jen
jeng
jih
Jung
Jou
ju
juan
Jui
Jun
Jjo

8&

45

ROMATZYH

ZysM 1 2 3 4

X pu pwu puu puh
| chi chyi chii chih
Y chia chya chea chiah
(g chian chyan chean chiann
L1#  chiang chyang cheang chiang
(14 chiau chyau cheau chiaw
(|4 chie chye chiee chieh
{|% chin chyn chiin chinn
(| ching chyng chiing ching
{u¢ chiong chyong cheong chiong
(12 chiou chyou cheou chiow
Ly chiu chyu cheu chiuh
(ug chiuan chyuan cheuan chiuann
CUe chiue chyue cheue chiueh
{ U4y chiun chyun cheun chiunn
0% rhan ron raan rann
ch rhang rang raang ranq
g4 rhau rav rao raw

& E}- rhe re ree reh
A%y rhen ren reen renn
Q. rheng reng reeng renq

3 rhy ry ryy ryh
gxe rhong rong roong ronq
ag rhou rou roou row

3 X rhu ™ ruu ruh
ax 4 rhuan ruan roan ruann
BxA rhuei ruei roe. ruey
3X4 rhuen ruen roen ruann
@xg  rhuo ruo rUuc0 ruoh
Ly Ba sar saa sih




sai
san
sang
sao
se
oin

seng

shai
shan
thang
shao
she
shei
shen
sheng
shi
shou
shu
shua
shuai
shuan
shuang
shui
shun
shuo
si

song

su
suan
sui.
sun
suo

YALR

sai

sang
sau
se
sen
seng
sha
shai
shan
shang
shau
she
shei
shen
sheng
shr
shou
shu
shwa
shwai
shwan
shwang
shwei
shwun
shwo
sz
sung
sou
su
swan
swei
swun

SWO

ug

sai
san
sang
520
se
sen
seng
sha
shai
shan
shang
shao
she
shei
shen
sheng
shih
shou
shu
shua
shuai
shuan
shuang
shui
shun
shuo
szu, S8U
sung
sou
su
suan
sui
sun

80

b6
ROMATZYH
ZYZM 1 2 3 b
a5 sai sair sae say
AZ san sarn saan sann
Iy sang sarng  saang sanq
At sau saur sao saw
ad se ser see ceh
“ e sen sern seen senn
al seng serng seeng senq
PY sha shar shaa shah
F% shai shair shae shay
P g shan sharn shaan shann
jj/i shang sharng shaang shang
P shau shaur shao shaw
fﬁi she sher shec sheh
A shei sheir sheei shey
P4 shen shern sheen shenn
P sheng sherng sheeng shenq
P shy shyr shyy shyh
PR shou shour shoou show
PX shu shwu shuu shuh
Xy shua shwa shoa shuah
Px¥  shuai  shwai  shoai  shuay
Pr3 shuan shwan shoan shuann
PX% shuang shwang shoane  shuang
Pxy shuei shwei shoei shuey
Px 4 shuen shwen shoen shuenn
FxT shuo shwo shuoo shuoh
&, sy syr syy syh
hxe song sorng soong sonq
4% sou sour soou sow
QX su swu aum suh
Ly g suan swan soan suann
HxA suei swes. 50€1 suey
Ly Xty  suven swen soen suenn
HXZ suo sWo suoo suoh

V.?.P




ta
tai
tan
tang

Tao

teng
ti
tian
tiao
tie
ting
tong
tou
tu
tuan
tui
tun

tuo

VA

wai

vei
wen
weng

wo

xi
xia

xian

tyan
tyau
tye
ting
tung
tou
tu
twan
twei
twun

two

wai

wan

wel
wen
veng

WO

syi
sya

syan

t'a
ttai
tlan
t'ang
ttao
tte
tteng
thi
ttien
t'iao
t'ieh
tting
t'ung
ttou
t'u
t'uan
tfui
t'un

tlo

hsi
hsia

hsien

LN
ROMATZYH
SY2M 1 2 3 b
f\\{ ta tar taa tah
By o tal tair tae tay
X8 ton tarn taan tann
X%t tang tarng  teang  tang
A4 tau taur tao taw
e tc ter tee teh
XL teng terng teeng tenq
% | ti tyi tii tih
) z tian tyan tean tiann
Xi4 teu tyau teau tiaw
Ll tie tye tiee tieh
%4 ting tyng tiing ting
L. tong torng toong tonq
LY tou tour toou tow
X  tu twu tun tuh
%xg tuan twan toan tuann
Fx\  tuel twel tooi tuey
YkXQ tuen twen toen tuenn
&g two two tuoo tuoh
XY ua w2 woa wah
N uai wai woai way
XZ uan w»n woan wann
123 uang wang woang wanq
1A uei wei woei wey
* 5 uen wen woen wenn
KL ueng weng woeng weng
x& uo wo wOO woh
X u wu wuu wuh
T shi shyi shii shih
T shia shya shea shiah
TIg shian shyan shean shiann




Xie

wiong

X1lu

xuan
xue

xun

2z
zai
zan
zang

220

YALE

syang
syau
sye
syin
sying
syung
syou
sSyu
sywan
sywe

syun

ya
yai
yan
yang
yau
ye
yi
yin

ying

you

ywan
ywe

yun

dzai
dzan
dzang

dzau

e

hsiang
hsiao
hsiech
hsin
hsing
hsiung
shiu
shil
hsiion
shtieh
hstin

-48.

ROMATZYH

ZYZM 1 2 3 b
T shiang shyang sheang shiang
T4 shiau shyau sheau shiaw
Ti&  shie shye shiee shich
Tly shin shyn shiin shinn
T4  shirg shyng shiing shing
Tue shiong shyong sheong shionq
Tig shiou shyou sheou shiow
Tu shiu shyu sheu shiuh
TG shiuan shyuan sheuan shiuann
Tug shive shyue sheue shiueh
Tu 4  shiun shyun sheun shiunn

1Y ia ya yaa yah

| P iai yai yae yay

| G ian yan yean yann
|4 1ane yang yeang  yanq
XA iau yau yeau yaw
| ie ye yee yeh

{ i yi 21 ih

14 in yn yiin yinn
1L ing yng yiing  yinq
ue iong yong yeong yonq
E; iou yonu yeou you

L iu yu yeu yuh
Uz iuan yuan yeuan yuann
L iuve yue yeue yueh
Uk iun yun yeun yunn
r\{ tza tzer tzaa tzah
T% tzai tzair tzae tzay
73@ tzan czarn tzaan tzann
T’ﬁ; tzang tzarng tz:amg  tzang
A tzau tzaur tzao tzaw

3




dzung
dzou
dzu
dzwan
dzwei
dzwun

dzwo

chei
chen
cheng
chih
chung
chou
chu
chua
chuai
chuan
chuang
chui
chun
cho
tzu
tsung
tsou
tsu
tsuan
tsui
tsun

tso

ROMATZYH
ZYZM 1 2 3 L
Pe tze tzer tzee tzech
PA tzei tzeir tzecel tzey
P tzen tzern tzeen tzenn
Pe tzeng tzerng tzeeng tzenq
gy ja jar jaa jah
W5 jai jair Jae jay
Y jan jarn jaan Jann
e Jjang jarng Jaang Janag
P jau jaur Jao Jaw
wi Je jer jee jeh
YA jei jeir jeel Jey
H ¢ Jen jern Jeen jenn
YA Jeng jerng jeeng jenq
W Jy Jyr vy Jyh
Hx/ jong Jjorng Joong jonq
ﬂ P jou Jour Jjoou Jow
7] X ju Jwu juu Juh
Y jua Jwa joa Jjuah
] % juai jwai joai juay
ng juan Jwan joan Juann
Wyt Juang jwang joang Juang
&*/\ jaei jwedl joei juey
7 X% juen jwen joen juenn
Wy z juo jwe juoo juoh
T tzy tzyr tzyy tzyh
AX 2 tzong tzorng tzoong lzong
Ty tzou tzour tzoou tzow
FX tzu tzwu tzuu tzuh
X B, tzuan tzwan tzoa.. tzuann
XA tzuel tzwei tzoed tzucy
Ijxe tzuen tzwen tzoen tzuenn
tzuo 240 t2uv0 tzuoh

[CFA




CONVERSION ALGORITHMS AMONG DINFERENT .TRANSCRIFPTIONS
K. P, Ii

I, Introduction:

A set of conversion rules for the Chinese Transcription Systems Pinyin,
Yale, Wade-Giles and Romatzyh hus been censtructed in the form of regular lin-
guistic rules which can be applied tc computer programs. The conditions and
stored infcrmation are reduced o the minimum, inciuding conly the alphabets used
in the systems, the tone morks and t.ord boundarics. The traffic rules used here
are very simple, as shown in Fig., 1. In cach step, the TEST is to find out
whether any portion of an input is exactly the same as that on the left. hand $ide
of the function; if the responsc is YES, then the sai portion is changed to the
part shown in the right hand side of the function; if & NO is indicated, then
the input gouvs to the ncxt step without change. The same process is carricd
through until the END is reached, During the TEST a sct of clements may be list-
ed in one single step, in which case¢ the input must be checked against cach cle-
ment in the crder listed. Onece 2n clement is found te be identical with a por-
tion of the input, the samc conversion operation tikes place, after which the
input must be carried directly into the next step without checking the remaining
elements in the list. In other words, cach step contains no more than one opera~
tion. A completc program of conversion rules between Pinyin-Yale, Pinyin-WG,
ond Pinyin-Romatzyh (Basic form), in beth directicns, 43 listed in Scction II,

Before applying the rules, it is cssential to have the word boundaries ()
marked out., Unfortunately, all systems contain some ambiguity in word boundary
which necessitates pre-morking by hand. In Section III we have constructed 2
minimum set cf rules for marking out by hand the ambiguous word bou-durics and
a program for indicating 21l word touncaries which can be done by machine, in
the Pinyin System. Similar procedures can be followed for constructing rules
and programs for the other systems but they arce much more complicated than those
for the Pinyin System,

The tonal spelling in the Romatzyh System (shown in Section IV) presents
additional complications in programming. As a resuvlt, more complex traffic rules
arc felt necessary in order to reduce the considerable number o1 conversion
rules. The flow chart fer thesc traffic rules : i, shown in Fig, 2. ‘e have not
yet investigated the possibility of simplifying the rulcs iu Section II by the

application of these traffic rules,

-50-~




In Section V, several cxamples illustrating.the actual applications of
these rules arc given. Ve intend to run o computer program to check these rules
in the future, The references upon which the various transcription systems aro
based are listed in Section VI,

| STame | | SHAFT
= [z ]

RS :

NO

- - mems

YES —
STEP N TEST >>——-{OPERATION}-q STEP N TEST> ATIO
<> 1 5258 [GRRTEON 2,53

STEP N+l OPERATION)—-]

i
STEP N+1 = YES | IOPERATION STEP M @__f
No

- | sTEP R @-’MOPERATION LR

\
; Fro

Figure 1. The pattern of traffic rules Figure 2. Three different vraffic rules

N

oo g e

used in the Conversion Rules between used in tonal spelling. The output of
systems. The output of Step N always Step N may go to the next step, or to
goes to the next step. some later Step M, or to the end.

II, Conversicn Rules among Chinesc Transcription Systems:

A. Conversion Rules from Pinyin to ¥~l.:

X;t o ub up .um S
»
a’ idl ui‘ 50.

[

3¢

><

» » L I
iou., wed;. aue ‘.

=

* ig tone mark.



X”: od e X ‘
XS: .d .t om o1 &5 ok .h
x6: «h .ch .8h o
x7: .2 .C .S
X9: ? a o u
xlo. i u
xll: y w
le: .2h  .n X .2 .ch  .cC
xlB: o] .¢ch ,sy .dz .ch .is
fules: 1, X,S. ———— Xlug.
2. X%, —_— X
* - . X
3 Xyu cr X, u —= XM oor X4
* . X
L" . X8hn . ] x8 ALiv) \
S Uord — YU or yu
* *
7 —— (.. X
6. leA9 : Yl% 9
P . N, i, —— Xer.
u* N
8. X7i. —— X7z.
9. ong. —— ung.
10. X12 ) ——— Xl3 )
11, XX or ¥X — X or X

WRITE OUTPUT.

B. Conversion Rules {rom Yule tc Pinyin.

Xy .dz. Az Wt .
X2: .z, 2 «C gh
x3: th och PY=
14: o3 .3 X
xs: yu yi y ?
*
Xyt u u i 1
X.: n 1
7 . [
Ze T



Rt Adw ol v,
Xoi b ul fes el
11" .b op om of
Rules: 1, Xl — x2
2. ung. —— ong.,
3. w —— u
4, u —_— oW
5. X3X5 -——:—9 X4X6 .
6. X7 yu or yu - ——3 X7 iord
e y ——r i
8. .4 —_— L,y
R — i *
10, XX or XX =—= X or X
11, X9 . — xlO
12. xll uo  — xll o
WRITE OUTFUT
C. Conversion Rules from Finyin to Wade-Giles:
Xlz o eq X oy
5t eZ eC .8
X3: .zh .ch .,sh .r
xu: b .p .4 .t .g Xk .zh .oh .2 .c .r
X5: p op' ot ot' .k k' .ch .cn' .ts Jts'.)
X6: 4tz Jte'z
x7: otz . tz!
X8: y 1
Xyt idn. dng. ud. .ér.
X0 ién. ung. 5.  .&rh.
xllz k k' .k
xla’ O ui, e,
X13: uo., uei, o,

oj eq X

.ch .ch'.hs



nules:

D, Conversion Rules from Wade-Giles to Pinyin:

xl:
XZ:
X,

-5k
Lo Xuord — Xl or &
2 Xai. —— Xazu.
3 . xji . ——— x:ﬁih .
by X, = —— Xg
6. xgé, — xaéh.
70 Xy —— * %16
8. X%y > X%s

WRITE SUTPUT.

zd, .tz",  .ssu.

si. .ts'l. .ssi.

.ch' .ch .j .ts' .,ts .t' .t .p'
.ch .2h .r .c o2 ot .4 .p
.8 .k .h

.zh .ch shs .Yy

o3 «q X 4

i ou 1
L d L]
i u 1 u
- »
«S6 T, ung., h. «YUe
8 :,-c ong. . s you,.
od ot n ol .zh .ch .sh 2 «C
i oy
e
1, Xl - x2

3, ih, ——» 1,
uo X 8. —————t X éo

5 5
5, X6X8 et X7XR e
6. xlo‘ ——— xll .
7. X,,0s =====> X, _uo.
12° 12
8 . x5uei. e xsuI .
9, leen. - lean.

WKRITE OUTPUT.

P
.b

8

XX

k!

T,

.k
g



3

Xl:
Xa:
XE:
xh:
x5:
X6:
X7:
XB:
Rules:

F., Conversion

Rules!

.ch
«q
d
.2zh
.in
.iin
d
oy
uen.,
un,

2.
3.

iu,
iou,
«ch
.ch
+ch

(Input)
1

5=

oy
ao,
au,
+8h 2z 'C '8
eC 42 s eX
.48 .tz .ch ,sh
—t

X.u —— xlu

un  ————3  uen
4 —s iy
'x ————4) 'x

2

3

XX —> X

Xsi.
Xy
7

— X

— > Xy
5

X — XB

WRITE OUTPUT.

Convorsion Rules frém,Pinyin to Romatzyh (Bucic Form):

23
r,

el

Input + Tone

Rules from Romatzyh(Basic Form)t

.8h

X

h

A4

otz .ta

2 «C

1.
A4,

oW
uei,
ui.

U

«UU,

iou, au,
iu, a0,

i — xzi

xaiu

e X 0

o Pinyin:
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. v ——ly 'j

L
50 NG —-—'—_‘, i,
6

7o x7 ——lp );8

9. Input + Tone ———4 (Input) #
WRITE CJTPUT,

#Tone mark is always placed on the iirst vowel except when combined vowels
hewe i, u, or i as the first vowel, in which case it should be placed on

. the second vowel.
III. Rules and Program Marking out Word Boundary for Pinyin System:

A, Rule for Eliminating Ambiguous Word Boundaries:

a, @ and o not preceded by a consonant must have word boundary (*) marked

out by hand.

B, Program for Marking out All Unambiguous Word Boundaries:

xlz b pm f d tnl gk h 2z c¢c s r J qxy w
and (space)

XE: 2 c 8
X3: n r
Rules: 1. Xl —— .Xlﬂ
20 oxach —_’ axah
L ] Ox [ ] —_.,\ ; L ]
3 3 b
b, B ——— Be

C. Examples*

S A R T £

zhell ydu shiérba  yiazi.

zhéll you shi,frbd  yizi.
1. DZIhé‘l{l cysuo oﬂohioéorobao Oy!.zill

2 lleé.lIo .yau. oﬂhioéorobac .y{.zi..

*Unnumbered rulos are for hand-marked boundaries., Numbered rules arc for ma=
chine-marked boundaries,



3.
l‘.
bl

1,
2.
3.
b,

Co,

1.
2.
3.
b,

.zhé, 1L, .ydu., .shi.ér,bd,

.Zhé.li. .)'5\1. .Shi-@r.ba.

~57-

Yol Kk E AR L

zhongéguanxl huinshi  méiydu

zhong.dguanx: huinshi méiydu

52.'hs.n.g-€'.g’ua.n.xi. -huéan050hio
.zho.n.g.8.gua.n.xi. .hub,n.shi,

.zhon.g.d.guan.xl. .huin.shi.

.zhong.é.guan.x, .hudn,shi,

TAT RABAG — % & Y4

'yil zi..

oyioZioo

ZL gff{: .

gaiblan,

gaibidn.

.mbéi,ydu.

méi.viu.

~
<

blanzhdogulzétulyan  yIdinghuichicus.
b6.anzhdoguizétulydn  yrdinghuichucud.
.bﬁ-ﬁ.n. z.hao.guIc Zéotu{oyaono

oméi,ySu,

r v
«Mel,you,

.g3i.bid.n.,
.gai.bia.n..

.gai.bian,,

7" .blan,.

.yi.dt.n.g.hui.c.hi.cud..

bd.3.n.zhdo.gui.2¢é, tul.y8.n, .yl.di.n.g.hul.chu.cud..

.bd.3n.zhdo.gul. 23, tul.ydn. .yI.din.g.hui.chu.cud..
.bl.an.zhdo.gui.ze.tul.yin. .yi.ding.hui.chu.cud..

y R
2H o 31q 5 3=
niangao nénér miér ahengao
nfangao nén.ér mi, ér shengao
.nfa.n.gho. 1. né.n.é.r. 1. mi.é&.r. 1. .s.hé.n.gao.
.nfa.n.gro. 2. .né.n.b.r, 2. .md.&.r, 2. .shc.n.gao.
.nian.gao. 3. .nén.ér. 3, .ml.er. 3, .shen.gao.
.nfan.gao. 4, .nén.tr. L, .mi.ér, L, .chen.gao.

IV, Tonal Spelling Rules for Romatzyh System;

A. Conversion Rules from Basic Form to Tonal Spelling:

a, Pre-=rules:

1.
2.
3
4,

Xlz m n 1 r

X+ (1) ——> Xh g~ to END
Xy +0R2) ——— go to END
(input) + (1) =———=>» (input) go to EWD

(input) + (2) =y

(input)

go to B-2 Rules




Sl

60
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(input) + {3) =—— (input) go to B-3 Rules
(input) + (4) ~——— (input) go to B-& Rnles
Rules:

i

¢ a o ¥

i u

y W

yi wu

ay. ©Y. OwWe OW,

ai, oi. =au, ou,

l. if Xl X2 x3 go to Step 5

Ce XZX3 > X2X3r go to OUTHUT

ICO* § xlxz go to Step 5

'R X2 —— Xar go to OUTPUT

5. i =————> ¥y

Bo U —————p oy

7. X ——> X, go to OUTBUT

8. Xu. ——— X5.

WRITE CUTPUT.

¢. B-3 Rules:

»<
=

0O < P B O

u o

e

u

W

o

wo

o e y

iy, ——> eX) go to Step 6
uX2 ——— oX2 go to Step 6
aX3 —_— aXf) ge to Stey 6
X,? — X?X7 52 to Step 6
5

.)(32(3 —————p .X3X3X3

X ——t X




i .

9.

Xl: i,

Xat Yo
x .
3

Xu: y
XS:

Rules: 1.

20

30

h.

5.

6.

Xl: 8
, Xa: h.
X3: Ve
Xq: Vo
‘ X5: a0
X6: r
X7: aa

Rules: 1.
2o

if JX X,
77

.X5 —

WRITE OUTPUT.

d, B-b4 Rules:

U, N N

v, an. nq.

e o

w

u

X1 —
if xaxh go

~59-

go to OUTPUT

'X6

1. « (except space before the boundary)
11, h.

XE
to Step &

Xh. > X:h.

X, —>
2

ein  em——
.Xs —r
VWRITE OUTFUT.

a, Pre-rules:

.m W1 .r
11, nn. nqg.
Yo

We

ae oa oe
y w
ee oo ii

x8: otz Wts L] Y-

th —>

if X2 go
if XSX3 go
if Xh g0
if X5 50
if X7 go
if y. go
it X6 go

5

.XSXSh.

«iin
.Xk

B. Conversion Rules from Tonal Spelling to Basic Form:

ea €0 eu

wu yy
.ch .sh .T

Xl + (1) go to END
to 4-B Rules

to Step 5

to 4-B Rules

to 3~-B kules

to 3-B Rules

to Step 10

to 2-B Rules

gy (e




9.
100
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1 —— X 4 {2) go to END

(input) ~——  {(input) + (1) go to END

b, 2-B Rules:

Xl: » n 1
XZ: -
XB: i
Roteer 1, er —_— X,__
2. if y. go to Step &
3. X2 _— x3
L, }(3)(3 —_— X
5. (inmut) —=———> (input) + (2)
WRITE CUTPUT.
¢, 3-B Rules:
Xl: 5}
XZ: i
X3: u
le: v
Rules: 1, Xla —_— Xaa
2. aXl ——— aX2
3. eX3 — iX5
b, XBe —_— e
S. .Xl* e .X2
6, XX ———s X
7. XX ——> X
8. (input) -~ (.nput) + (3)

WRITE OUTPUT.

d. 4-B Rules:

Rules: 1.
2.

30
L

Te

S
6.

yh, ——— vy, go to Step 7
W —_— oy

y —= i

h. —— L,

ng, ————> g,

XX —————— X




7 (input)

—_—

WRITE OUTPUT.
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(input) + (&)

Sample Applications of All Rules (Word Boundaries Pre-marked):

A,

D’

PY -3 Yale
*

.Xuan,
s ¥

3. .xlian,

5. .xyuln,
10. .syyuin.
11, .syuln.

Yale -» PY

.lywin.
3. .lyuin.
6. .lidn,
PY -2 WG

.qué,
1. .qiié,

4, ,ch'ié,

6. .ch'ieh,

WG ~» PY
. tz'ﬁ.
*
1. .tsti,
2. .ci.

PY -» RMTZ (Basic)

*
«qun,
1. .qun, + T

2. .qin, + T

6.
10,

70
80
11,

2.

S
6.

3.

*

e Cle
P
«cuun,
*
«CWUN,

. tswin.

*
' yaue
.idu.
.yiu,

.ydo.

*
«quo.,
kud,
XS,

*
.kuo,

.chiéh.
.zhiéh.
.j2ch.
o ¥
Jic.

»
«ZUn.
»zun, + T

szuchi. + T

9.
10.

2.
[}.
5.

2,
30

10

giong
«qydng. 8.
.qyﬁng. 10.
. chyting, 11,
. jytng,
.zhyling, 3.
. zhydng. 5.
. jidng.

ozi,
o2z2d, 4,
.tszil. 7.
.tz
.ch'ih.
.chin, 2,
.chr, 8.
.chi,

.zhi.
.zhi, + T 1.

.zhy, + T S.

*
P
*
022,
*
.42z,

.42,

chywén,
. chyun,
oquano

.zhéng.
.chéng.

.ching,

.,

kuei,
*,

.guei.

*
» UL

+ying.
Jying, + T

.iing, + T




G.
10

3.

7

80

.qiun. 4+ T

.chiun, + T

2 (Basic) -» PY:

JJau, + T
.zhau, + T
.zhao, + T 3,

»
.zhao.

Tonal Spelling:

-

Ce

d.

a.

d'

tzuei, + (2)
b, .tzvei, go to®
go to step 5

. tzuey.
tzwey.
tzweli,

7.
A, + (3)

Se oUW

5. suus

go to ¢

6. .uuu,

7 oVUU,

Juei. + (&)
6, Juei, go ts d
1, .uey.

2.

6.

go to step 4

WCYe

.yann
2. .yann, go to d
3, .iann,

6. .ian.

7, .ian. + (&)

~62-

8.

«tzuen, + T

+jivan., + T
.vinan, + T
+ T
+ T

7.
8.

9.

.vuan,
.3unn,
. F
. juan,

2.

b,

go to OUTPUT

Qe

Ce

Qe
d.

njy. +

6.

+ T
+ T
+ T

.iau, U,
6.
70

9.

.yau, ~uu,

1 Jy20. WU,

.y50. oWﬁo

Jjeis + (2)

l*.
2.

go to b
go to OUTPUT

.jei.

. jeir,

Jduei. + (3)

5.
2.

te ¢
to

.duei, go

.doci, go step 6

Jaie, ()

60

LY

ae

te ¢

f&8)

.mie. go

»mieh,

s yee,

5.
5
6.
8,

eyee, go tc ¢
Jiee,
du,

cive + (3)

.ing, + T

T
+ T
+ T
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9. JRaCnU, 10, herng.
A, 5, Jmeau, go to c a., 8, .herng go to b
c. 1. .miau. b, 1. .heng.
8, .miau, + (3) 5. Jheng, + (2)

VI. References for Conversion Tatle:

v > s [ o y 3— ':"".'-.::; . Y v -
. Firyin - Hanyd Pinyin Cihul ¢ 1%.4% ] »’Jﬂf Peiping: Wénzi gaigé chu
banshé, 1958. h

Yale - Po-fei Huang, ed. IFEL Vocabulary of Spoken Chinese, New Haven, 1954,

Wade-Giles - Mathews'! Chinese-English Dictionary, revised edition, Harvard
University Press, 1961,

< S .

. < ~ . ™ .V NS I - N . -y
Zhiyinzimil - Hinyi Cfdian - 4 ’»T';’ 5;]ﬁ\ Peiping: Shangwi yinshuguan, 1959,

Romatzyh - Yuan-ren Zhao, Mandarin Primer, Cambridge: Harvard University
Press, 1948,

NOTE:

We have rccently recoived the Chinese Character Indexes by Ching-yi Dough-
ty, Sydney M, Lamb and Semucl E. Martin, 5 volumes, University ¢f California
Press, 196%. In velume I of this work, pp. xix-xxi, rules are given for the auto-
matic conversion between Guoycu Romatzyh and Pinyin systems., Some similarities
were observed between these rules and those in sections II-E, II-F, and IV of
this paper. A critical comparison of these sets of rules will be forthcoming.
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